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ABSTRACT 

THOM, R.M.; WILLIAMS, G.; BORDE, A.; SOUTHARD, J.; SARGEANT, S.; WOODRUFF, D.; LAUFLE, 
J.C. and GLASOE, S., 2005. Adaptively addressing uncertainty in estuarine and near coastal restoration 
projects. Journal of Coastal Research, SI(40), 94-108. West Palm Beach (Florida), ISSN 0749-0208. 

Restoration projects have an uncertain outcome because of a lack of information about current site condi 
tions, historical disturbance levels, effects of landscape alterations on site development, unpredictable tra 
jectories or patterns of ecosystem structural development, and many other factors. Because of these uncer 
tainties, project costs can rise dramatically in an attempt to come closer to project goals. All of the potential 
sources of error can be addressed to a certain degree through adaptive management. The first step is 
admitting that these uncertainties can exist, and addressing as many of the uncertainties with planning 
and directed research prior to implementing the project. The second step is to evaluate uncertainties 
through hypothesis-driven experiments during project implementation. The third step is to use the moni 
toring program to evaluate and adjust the project as needed to improve the probability that the project will 
reach its goal. The fourth and final step is to use the information gained in the project to improve future 
projects. A framework that includes a clear goal statement, a conceptual model, and an evaluation frame 
work can help in this adaptive restoration process. Projects and programs vary in their application of 
adaptive management in restoration, and it is very difficult to be highly prescriptive in applying adaptive 
management to projects that necessarily vary widely in scope, goal, ecosystem characteristics, and uncer 
tainties. One project, which included directed research and site assessments, resulted in successful resto 
ration of seagrasses near a ferry terminal in Puget Sound and illustrates how an adaptive management 
process can assist in improving the outcome of small projects. We recommended that all restoration pro 
grams be conducted in an adaptive management framework, and where appropriate, a more active adaptive 
management approach be applied. 

ADDITIONAL INDEX WORDS: Adaptive management, estuarine restoration, seagrass restoration, coastal 
ecosystem restoration. 

INTRODUCTION 

The purpose of our paper is to summarize grow 

ing efforts to employ adaptive management in 
coastal and estuarine ecosystem restoration pro 

jects. Along with the summary, we provide an ex 

ample of a project from Puget Sound and list the 
common elements of adaptive management ap 

proaches that are emerging from various pro 

grams. Adaptive management relies on accumu 

lation of credible evidence to support a decision 
that demands action (Walters and Holling, 
1990), and it is designed for situations where there 
is significant uncertainty and a need for action. 

Most simply put, adaptive management means 

learning by doing in a structured rather than a 

04-385 accepted 20 August 2004. 

haphazard way to maximize the amount learned 

per unit effort (Walters, 2001). This accumulation 

of knowledge assists in the choice of appropriate 
alternative actions. Although as Walters stated, 

. . you really don't know unless you try," the pro 
cess of trying is structured to yield meaningful re 
sults. 

It is amply clear that estuarine and coastal eco 

system restoration projects have significant uncer 

tainties, and that maximizing success of restora 

tion projects is dependent on making the right de 
cisions on a variety of questions. Common uncer 

tainties in coastal system restoration projects 

range from poor understanding of existing site 
conditions to funding (Table 1). Often forgotten, 
but no less significant, is that people can change 
their minds and that personnel with different ob 
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Adaptive Management in Coastal Restoration 95 

Table 1. Some potential sources of uncertainty and associated risks identified for estuarine and near coastal restoration projects 
(Thom, 1997, 2000; Zedler and Callaway, 2000; Weinstein et al., 1997, 2001; Twilley et al., 1999; Diefenderfer et al., in press). 

Uncertainty 

Lack of adequate information on existing site conditions 
Lack of adequate information on historical conditions 
Lack of understanding of past and present disturbances 

and stressors 
Poor understanding of controlling factors (e.g., hydrol 

ogy) 

Off-site (landscape) issues affecting habitat-forming 
processes 

Natural climate variability effects 

Unpredictable trajectories for performance metrics 

Off-site factors affecting performance (e.g., overfishing) 

Implementation mistakes 

Funding uncertainties 

Social uncertainties 

Risks 

Additional actions needed to prepare the site; added cost 
Incorrect restoration target or goal; failure of project 
Disturbances and stressors may still affect site; poor 

performance or failure of project 
Incorrect or inadequate conditions for controlling factors 

to establish and maintain project; poor performance 
or failure of project 

Key processes required for site are not present in the 

surrounding landscape; poor performance or failure of 

project 
Site is not resilient to natural variations in key control 

ling factors; poor performance or failure of project 
Expectations on performance not met; social, ecological, 

and economic implications on future of project 
Expectations on performance not met; social, ecological, 

and economic implications on future of project 
Poor performance or failure of project; delayed devel 

opment; added costs to remedy 
Delayed development; expectations on performance not 

met; social, ecological, and economic implications on 
future of project 

Expectation on performance change; social, ecological, 
and economic implications on future of project 

jectives join projects. These social uncertainties 
can also affect the progress and outcome of a res 

toration project. 
Because many proposed and active restoration 

projects are costly, maximizing the probability of 
success is critical (Thom, 1997, 2000; Weinstein et 

al, 1997). Large regional restoration and monitor 

ing programs are currently embracing the concept 
of adaptive management (Weinstein et al, 2001; 
Busch and Trexler, 2003; Ogden et al, 2003). In 

corporating adaptive management into coastal 

system restoration projects involves three funda 

mental elements: a clear goal statement, a concep 
tual model, and a decision framework (Thom, 

2000). The goal "drives" the design, and the con 

ceptual model explicitly summarizes the state of 

understanding about the system to be restored. 

The framework specifies uncertainties and ap 

proaches for dealing with them. The framework 
also provides the evaluation process, the decision 

triggers, and alternatives pathways. The process 

does not have to be complex or costly, but it needs 
to be well thought out. In addition, there must be 
a continuous commitment to the process through 
out the life of the project (Thom, 1997). Finally, the 
science of restoration benefits from the broad dis 

semination of information that includes lessons 
learned. Project reports are often difficult to ac 

cess, and they serve little purpose to the science of 
restoration. However, there are exemplary publi 
cations that contain a wealth of information useful 

to a broad audience of coastal restoration plan 
ners. For example, syntheses of seagrass restora 

tion (Fonseca et al, 1998) and of tidal marsh res 
toration (Zedler, 2001) detail the state of the 

knowledge in their specific areas and identify the 
uncertainties that can lead to failure of projects; 
they also provide tested solutions that effectively 
increase the certainty of restoration projects. 

EXAMPLES OF PROGRAMS 

Details on eight aspects of four programs listed 
in Table 2 are summarized from unpublished re 

ports as well as from presentations and our dis 

cussions with key individuals involved in each of 
the programs. These include a nationwide aquatic 

ecosystem restoration mission (U.S. Army Corps of 

Engineers [USACE]) and large regional programs 
focused on tidal wetland restoration (Mississippi 
River Delta) and on restoring water quality (Puget 
Sound). The adaptive management approaches we 
summarize represent a set of programs that vary 

in focus, scale and maturity. 

Puget Sound's program is the most mature pro 

gram listed in Table 2. Commercial and recrea 
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Table 2. Summary of four adaptive management programs. 

Puget Sound Shellfish 

(Puget Sound Water Quality 
Action Team) Mississippi Delta Marshes U.S. Corps of Engineers Clinton Eelgrass Restoration 

State of Development 

Dynamic, relatively mature 

regional water quality 
program with a high de 

gree of public involve 

ment; began in late 1980s 

Scope/Scale 
Sound-wide to local {i.e., 

neighborhood) scales 

Goal(s) 

Eliminate harvest restric 
tions caused by microbial 
contamination 

Conceptual Model 

Includes sources, modes, 
and sinks of contamina 
tion 

Monitoring 
2 performance measures; 7 

environmental indica 

tors; 3 biennial outcome 
measures 

Management 

Scientists, industry, and 

community representa 
tives assess progress us 

ing biennial outcome 

measures, make recom 

mendations, communi 
cate to public 

Assessment 

1987 emphasized water 
shed planning; 1991 im 

plemented shellfish clo 
sure response strategies; 
1994 emphasized strong 
land use and shoreline 

plans to protects sensi 
tive beds; 1996 instituted 

early warning system 
sampling to target cor 
rective actions 

Specific Uncertainties 

Improvements threatened 

by relentless increase in 

population; offsite factors 
of fishing pressure; fund 

ing uncertainties 

Rapidly growing, large re 

gional program with fo 
cus on coastal marshes; 
began in mid-1990s 

Tidal marshes and swamps 
over the entire delta 

Reverse loss of wetlands 

Stressor (sediment and nu 
trient inputs) linked 

clearly with marsh loss 

Extensive, site-specific; ba 
sin-level evaluation re 

ports; projects have a 20 

year life span; assess 

trajectories, not pass/fail 

Interdisciplinary teams 
meet every 6 months to 
review data and make 

recommendations; con 

tingency plans in place 

Have contingency plans and 

procedures to expedite re 

pairs; proposed Coastwide 
Reference Monitoring 
System (CRMS) should 

provide landscape context 

Emerging national pro 
gram with roots in water 

management; not imple 
mented yet 

Aquatic ecosystems associ 
ated with U.S. "navigable 
waters" 

Reverse damages to aquat 
ic systems from past pro 
jects 

Will be developed for spe 
cific projects; have mod 
els used in standard pro 
ject planning process 

No formal treatment as yet; 
monitoring is conducted 
on a project basis to vari 
ous levels; cost-shared 
with local sponsor at < 1% 
of initial project cost 

Informal; no programmatic 
treatment yet 

Guidance allows for adap 
tive management for 

large, complex projects 
with uncertain outcome; 
nothing formal yet; have 

contingency plans on 
some projects 

Began in 1997 

Site specific project; ~1 ha 

eelgrass restoration near 
Clinton Ferry Terminal 

No net loss of eelgrass due 
to terminal expansion; 
evaluate new technologies 

Specific for factors affecting 
eelgrass at the terminal 

Annual, eelgrass area, eel 

grass density, eelgrass 
abundance, salmon prey 
density; ten year moni 

toring of each plot 

Review results annually 
with agencies; adapt pro 
ject to assure success 

Results verify predictions 
of success for each plot; 
total abundance a better 
indicator of no net loss 
than mean shoot density; 
reference plots are not 
ideal match to restora 
tion plots 

Vandalism of structures; Yet to be determined, but all Storm-forced sediment re 
enormous cost of pro 
gram; large projects have 
failed 

potential uncertainties as 
indicated in Table 1 

distribution; time for eel 

grass development; dam 

age to donor stocks; 
climate-driven effects on 

eelgrass 
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tional shellfishing are major activities in Puget 
Sound. Contamination of shellfish by microbial 

pathogens is a major threat to shellfishing in the 
Sound. There is uncertainty in the sources of con 

tamination, which impedes the efforts to reduce 

health concerns. Case studies are used to assess 

whether watersheds, septic, or marine discharges 
are contributing to the problem. The Puget Sound 
Action Team (PSAT) is involved in neighborhood 
scale projects; community-scale programs and pro 

cesses; and regional, state, and national planning 
and policy-making (PSAT, 2002, 2003). In all in 

stances, adaptive management is applied contin 

ually. Key points relevant to adaptive manage 
ment that have been learned by PSAT are as fol 
lows: 

(1) It is critical to carry out programs through 
local planning processes, such as watershed, 
land use, and shellfish-closure-response plan 

ning. 

(2) Local programs, such as those addressing 
storm water, onsite sewage, and shoreline 

management, are dynamic and are constantly 

adjusted to reflect changing conditions and 
new information; that is, they must adapt to 

ecosystem and social changes. 

(3) The work is essentially unending, because the 

types of problems are rarely fixed or perma 

nently solved; that is, the adaptive manage 
ment process is accurately depicted as a cir 

cular process. 

(4) The rapidly growing Puget Sound population 
represents the key uncertainty regarding the 

ability of actions to reduce contamination and 

further environmental degradation; it drives 

social and economic change in a finite and al 

ready stressed ecosystem. 

The Mississippi Delta Marsh Restoration pro 
gram is the second oldest program listed in Table 
2, and represents a trend to develop massive eco 

system restoration programs in the U.S. Other 

planned or implemented programs on a similar 

scale include the Florida Everglades, San Francis 
co Bay (California Federal Bay-Delta Authority 
[CALFED]), and the Puget Sound Nearshore Eco 

system Restoration Program (PSNERP). On the 
order of 80% of the loss of coastal wetlands in the 
U.S. occurs on the Mississippi River Delta in the 
state of Louisiana. Presently, because of a variety 
of factors, wetlands are lost at a rate of 65-90 km2 

y1. Because of the low-lying topography, wetland 
loss also threatens roads, pipelines, and the gen 

eral infrastructure of the region. The Coastal Wet 

lands Planning, Protection, and Restoration Act 

(CWPPRA), Public Law 101-646, was passed in 
1990 to address this problem. The primary strat 

egy for restoring wetlands is to divert fresh water 

containing nutrients and sediments into wetland 

areas adjacent to the Mississippi River. In addi 

tion, barrier islands and other shoreline protection 
measures are being implemented to protect vul 

nerable leading edges of the marsh. Between 1994 
and 2001, 60 projects were constructed covering 

approximately 243,000 hectares (Raynie and ViS 
ser, 2002). Projects are to be monitored and man 

aged for 20 y. The CWWPRA adaptive manage 
ment program has developed several "program 
recommendations" based on the information gath 
ered to date (Table 3). These recommendations re 

late to the major aspects of a restoration program: 

goals, project management, construction, opera 
tion and maintenance, monitoring, and reporting. 

Hence, the CWWPRA program is incorporating 
timely, science-based adjustments into the resto 

ration projects. 

Traditionally, the USACE flood-control efforts 
have been adaptively managed. For example, the 

agency's dam operation in the Columbia River ba 

sin has been adaptively managed for several years 

to meet a number of competing demands for water. 

Notably, the Adaptive Environmental Assessment 

(AEA) and modeling method has been applied in a 

multi-agency restoration effort in the Kootenai 

River system in Montana, Idaho, and British Co 

lumbia (Walters, 2001). Based on the AEA, op 
eration of the USACE's Libby Dam was considered 
a primary influence on the Kootenai River and fish 

populations listed there under the Endangered 

Species Act. 

Faced with potentially huge environmental res 

toration projects and programs that could exhibit 
all of the uncertainty types listed in Table 1, the 
USACE adaptive management program could be 

come one of the most prominent programs in the 

nation. However, based on a review by one of us 

(Laufle), the process is currently informal: there 
is no programmatic treatment of adaptive man 

agement and monitoring for ecosystem restoration 

within the USACE Civil Works program. Since 

1986, the USACE has operated under legislation 
that provides for aquatic ecosystem restoration as 

a new mission. Most notable and actively applied 
are Section 1135 of the Water Resources Devel 

opment Act (WRDA) of 1986 and Section 206 of 
WRDA 1992. The USACE's guidance (USACE, 
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2000) for implementation of these authorities ad 

dresses adaptive management. It specifically al 

lows for use of adaptive management for large or 

complex, authorized projects with uncertain out 

comes. 

EELGRASS RESTORATION EXAMPLE 

Background 

Eelgrass (Zostera marina L.) is one of over 50 

species of seagrass that grow in shallow marine 

and estuarine waters in most regions of the world 

(Spaulding et al, 2003). Its value as habitat for 
fish and invertebrate species, as well as for other 

functions, is well documented (e.g., Edgar et al., 

2001) . Eelgrass has suffered losses globally be 
cause of coastal development and will continue to 

be threatened into the foreseeable future. Some of 

the earliest restoration projects have involved sea 

grasses (reviewed in Fonseca et al, 1998). In Pu 

get Sound, eelgrass is considered a critical habitat 
for fisheries support and is therefore protected. 
Restoration projects have met with variable suc 

cess, and methods to improve success are needed 

(Thom, 1990). The uncertainties associated with 

eelgrass restoration are site requirements, plant 

handling, transplanting methods, and post-plant 

ing disturbances. Since 1996, some of us (Thom, 

Williams, Borde, Southard, Sargeant, Wood 

ruff) have conducted an eelgrass restoration pro 

ject located at the Clinton Ferry Terminal in cen 
tral Puget Sound. The project is part of a compen 

satory mitigation program to address impacts from 

enlarging and rebuilding the terminal. Because of 

the complexity of the site and past eelgrass res 
toration failures (Thom, 1990), the eelgrass resto 

ration project is being conducted in an adaptive 

management framework. Further, the Clinton 

Ferry Terminal project was to provide a model for 

addressing environmental issues associated with 

reconstruction of 19 other aging terminals in Pu 

get Sound. The adaptive approach, described more 

fully below, followed the three essential ele 

ments?goal setting, conceptual model develop 

ment, and design and implementation?of an 

adaptive management framework (Thom, 2000). 

Goal Statement 

The primary goal for the project was as follows: 

No net loss of eelgrass because of the terminal 
reconstruction?This goal clearly set the stan 

dard that, by the time the project was com 

Table 3. Program level recommendations for Coastal Wet 
lands Planning, Protection, and Restoration Act (CWPPRA) 

Mississippi Delta marsh restoration projects (Raynie and Vis 

ser, 2002). 

Component/Program Level Recommendations 

Goals 

Develop and define project goals early in the process. 
Avoid success/failure mindset, which leads to vague 

goals and objectives. 
Define targets and trajectories to evaluate project per 

formance over the 20-y life of the project. 

Project Management 
Create project management team: 

involve personnel in all aspects of the project 
include two academic advisers 

Encourage institutional memory. 

Improve communication. 

Construction 

Control construction and operation (CWPPRA): 
follow planned construction designs and operation 

schedules (landowners and local governments) 
revise land-rights agreements 
closely supervise construction contractors 

Operation and Maintenance 

Avoid vandalism of structures: 

engineer structures to make unauthorized changes 
impossible 

Develop contingency plans: 
plan for extreme environmental and meteorological 

events 

Design procedures to expedite repairs. 

Monitoring 
Put project performance in context of the larger land 

scape, not of one reference site: 

provide context via proposed Coastwide Reference 

Monitoring System (CRMS) 

provide basin-level evaluation reports 
Base budget monitoring on data necessary to adaptive 

ly manage and evaluate the project, not on project 
type: 
de-emphasize success/failure mind set 

improve coordination between monitoring and oper 
ation/maintenance activities, and data collection 

Reporting 
Use the final report along with project-specific reports, 

recommendations, and supporting documents for 

guidance during all phases of future project planning 
and implementation. 

pleted, there would be at least as much eel 
grass present at the site as existed prior to 
construction. 

The performance criterion established by the re 
source agencies relative to this goal was that by 
the end of 5 y, eelgrass density (i.e., number shoots 
m~2) in the restored plots must be at least 85% 
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Figure 1. Glass blocks installed in walkway at edge of the Clinton Ferry Terminal. 

that of the reference plots. A secondary goal for the 

project was to evaluate new concepts in mitigating 

shading effects. This goal was established because 
most of the other 19 terminals in the system re 

quired replacement within the next decade, and 
this project would evaluate methods to reduce eel 

grass loss that could be implemented at these oth 
er terminals. No performance criterion was set for 

CONSTRUCTION piswrsam:f rzvum 

I 
DOCK IN PLACE 

KELGRa:": LOWESPROD , 
LtVS. EEL grass LOSS. RETARDED RETARDED 
KE CRU1T M EH T R ECRU JTN.EH T 

t 

Mv'dify 
REPLANT 

LOWER PROD . 
EELCRA5S I.OS", RETARDED 
RECRUITMENT 

t 

eelgkajs LC&i, RETARDED 
RECRUITMENT 

RED DOCK WIDTH, GLASS buck;, GRATE, 
reWERPtUNGS. RE ELECTIVE 
MATERIAL, PUNT Al'MCENT AREA? 

Figure 2. Site assessment disturbance-stressor model for 

eelgrass at the Clinton Ferry Terminal in Puget Sound. The 
five stressors (italics) are: initial construction, maintenance 

disturbances, propeller wash, lower light (shading), and in 
creased sessile prey which leads to greater numbers of bio 
turbator species. 

the secondary goal other than provision of data on 
the effectiveness of light enhancement under the 
dock by incorporation of glass blocks in the walk 
way on the south edge of the terminal (Figure 1). 

Conceptual Models 

Research focusing on the effects of terminal 
structure and vessel operations on eelgrass re 

vealed at least five major stressors on eelgrass 

(Thom et al, 1997; Figure 2). It was obvious that 

shading would affect the plants, but less obvious 
were the impacts from initial and maintenance 

disturbances as well as from the light reduction 
caused by turbidity from propeller wash. Even 

more surprising was the potential effect of biotur 

bators, including large sea stars (Pychnopodia he 

lianthoides) and Dungeness crab (Cancer magis 
ter). The pilings of the terminal harbored dense 

mussels and barnacle populations that were 

preyed upon by the sea stars and crab. The piles 
of shell and test debris that accumulated under 
the terminal may have created habitat for en 
hanced settlement and survival of the crab, as doc 

umented by Dumbauld et al (1993) in other areas. 
Divers near the terminal noted sea stars as dense 

as 15 m 2, and hundreds of crabs. Both crab and 
sea stars were observed foraging and burying at 

the edge of the eelgrass meadows near the termi 
nal, thereby disturbing and disrupting the mead 
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Controffing 
Factors Structure Functions 

Substrata 
(sand-mud) 

Nutrients 
(mod. soil; 
low water col.) 

Water Motion 
(3m/sec tidal; 
80 cm /sec. burst) 

and Associated 
Community 

Fisheries Resources 

Shoreline 
Stabilization 

Figure 3. Conceptual model of factors controlling eelgrass 
growth in Pacific Northwest systems. (Data from Phillips, 
1984; Thom, 1995; Thom et al, 1998.) 

ow and inhibiting regrowth of eelgrass into areas 
disturbed by construction and maintenance oper 

ations. The mitigation strategies addressing each 

of these impacts were developed based on the find 

ings of the research program (Figure 2). Mapping 
and diver assessments also showed that there 

were a number of bare patches with no eelgrass 
that were difficult to explain. We suspected that 

past disturbances or periodic, intense wave events 

were important causal factors. 

Our evaluation of factors affecting eelgrass 

growth in Puget Sound along with a review of pub 
lished information allowed us to develop a second 

conceptual model (Thom, 1995; Thom et al, 2003; 
Figure 3). This model formed the basis for an eval 
uation of the lack of eelgrass in some areas where 

we thought it should be, and the prediction of the 

probability of success of eelgrass restoration at 

sites near the terminal. This site-selection ap 

proach is similar in intent to that developed by 
Short et al (2002) for sites in New England. 

Based on the questions from terminal design en 

gineers and on the knowledge that lower light 
would mean less eelgrass, we tested several tech 

nologies to enhance the amount of light under the 
terminal (Blanton et al, 2002). Among the most 

promising technologies was the use of glass blocks 

(Figure 1). The glass blocks, which passed approx 
imately 60% of the incident photosynthetically ac 
tive solar radiation (PAR), were placed in the 

walkway along the southern edge of the terminal 
deck and over the portion of the bottom where eel 

grass occurs (Figure 4). To reduce potential slip 

ping by passengers, the glass was roughened, and 

a clear plastic roof and wall were constructed in 

the same portion of the walkway to keep it dry. 

Uncertainties 

A total of 14 transplant plots were identified 
based on the research project (Table 4; Figure 4). 
Because we were unsure of the reason for the ab 

sence of eelgrass from some of these plots, and be 

cause some of the plots (e.g., those under the glass 
blocks and under the terminal) were experimental, 
we assigned a qualitative prediction of low, medi 

um, and high chance of success for the plots (Table 
4). By stating these predictions a priori, we ac 

knowledged the uncertainties and we were able to 

evaluate these plots as experimental tests of our 

ability to understand the factors affecting eelgrass 
survival. 

We dealt with five primary sources of uncertain 

ty. First, the size of the planting area would over 

compensate area to be lost by a 9:1 ratio. Hence, 

meeting the goal in most of the transplant plots 
should have resulted in a net gain in eelgrass. Be 

cause this project was to provide information use 

ful to other ferry terminal projects, experimental 
areas were established that had low or moderate 

probability of succeeding, but were included to 
evaluate questions such as whether glass blocks 

could enhance light through terminals, whether 

propeller wash was truly the cause of eelgrass loss 

at the deep portion of the meadow, and whether 

drifting woody debris and scour were the cause of 

eelgrass loss in shallow areas near the terminal. 

Second, the first phase of planting was conducted 
? 18 months prior to terminal reconstruction in an 

area approximating 100% of the 320-m2 area to be 

covered by the new terminal deck. This provided 

"up-front" compensation, thus minimizing func 

tional losses during the time between terminal re 

construction and restoration. Third, there was un 

certainty regarding damage to the donor beds. We 

salvaged 5000 shoots of eelgrass from the area to 

be destroyed during construction and grew these 

in seawater tanks to approximately 29,000 shoots 

within 2 y. This stockpile supplied all the required 
transplanting material as well as material needed 

for any supplemental plantings. Fourth, we antic 

ipated that construction activities would have an 

adverse impact on eelgrass restoration efforts. 

Hence, we staged plantings to follow as closely as 

possible after construction phases near the resto 
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25 0 25 50 75 Meters 
111 I I 1 

Figure 4. Clinton Ferry Terminal showing transplant and reference plots. Map of eelgrass based on 2003 side scan sonar 

mapping. Plots B'" and B"" are not shown but were orginally located under the terminal (see also Table 4). Glass blocks are 
located over plot H. 
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Table 4. Conclusions from the first seven years of the project, and recommendations. Included are the years since planting, 
estimated area of each plot, percent of the plot planted, mean eelgrass shoot density as of summer 2003, percentage of the 

performance criterion met by this density, and predicted future performance of the plot as of2003. Predicted performance ranks 
were L = 

low, M = moderate, and H = 
high. (See also Figures 4 and 5.) 

Per 
Planted Mean form. 

Age Estim. (% of Dens. Criteri- Predicted 
Plot (yrs) Area (m2) area) (no. m~2) on (%) Perform. Conclusions Recommendations 

A 7 3,422 28 14.6 28 L-M Marginal site; at carrying capacity 
B 7 823 7 161.6 91 M Highly viable site; should continue 

to flourish 
C 7 152 101 40.1 97 H High potential with removal of dis 

turbance 

D 2 61 108 1.0 3 H Viable site, but highly susceptible to 
sediment movement 

E 7 762 123 58.1 47 M Viable site; density will remain 
somewhat low 

E' 4 (incl. 69.1 56 M Viable site; density will continue to 
in E) increase 

F 2 213 108 3.0 38 M Marginal site; density will reach low 
but stable level 

G 6 762 75 160.1 215 M Highly viable site; wave disturbance 

may be an issue 
H 2 658 103 8.8 NA L-M Experimental; should persist at low 

level 
H' 2 549 124 0.3 NA L Experimental; may not persist 
B' ? 

1,408 
? ? ? L No chance of survival; located under 

terminal 
B" ? 640 ? ? ? L No chance of survival; located under 

terminal 
B'" (I) ? 271 ? ? ? H Moderate to high potential 

B""(J) ? 360 ? ? ? H Moderate to high potential 

Do not fully plant 
No action 

Enhance with plantings; 
expand to adjacent 
area 

No action 

No action 

No action 

No action 

No action 

No action 

No action 
Do not plant 

Do not plant 

Expand size and plant; 
coded new plot I 

Expand size and plant; 
coded new plot J 

ration plots. The second and third phases of plant 
ing were conducted in 1998 and 2001, following 
completion of construction on the south side of the 
terminal, and the final phase of planting in 2003 
followed completion of construction of the north 
side of the terminal. Fifth, it was uncertain how 

long it would take for eelgrass to establish and sta 

bilize. Most eelgrass monitoring programs have 
been conducted over short periods of 1-2 y (Thom, 
1990; Fonseca et al, 1998), and it was suspected 
that eelgrass might take much longer to build a 
stable and resilient biomass. In addition, a 5-y 

monitoring time-frame, often required in more re 

cent projects, is untested in the region. Hence, 

monitoring of each transplant plot and its paired 
reference site was planned to occur over a 10-y 

post-planting period. This period would allow eel 
grass plantings to mature and would likely span 
at least one or two climatic anomalies (i.e., El Nino 

events) known to affect eelgrass (Thom et al, 
2003). 

Planting Methods 

In all cases, eelgrass was planted as bare root 

bundles consisting of four shoots per bundle that 
were anchored in densities of five bundles per 
square meter. Anchoring was initially accom 

plished by using wooden tongue blades to protect 
new transplants from occasional strong currents 

(up to 3 m s_1) and waves at the site. We found 
after Phase 1 planting that Dungeness crab could 

unbury eelgrass anchored with tongue blades. 
Hence, subsequent plantings incorporated U 

shaped "landscape" staples, which penetrated 
deeper into the sediment and appeared to reduce 
crab damage. 

Monitoring Methods 

Each transplant plot (except H and H', which 
were established only to determine whether eel 
grass could survive) had a paired reference plot 
(Figure 4). Selecting reference plots was difficult, 
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because physical conditions can differ over short 

distances. We knew from studies at Clinton and 

other areas in Puget Sound that eelgrass density 
can vary significantly with a small change in 

depth (i.e., A ? 0.3 m; Thom et al, 1998). Each plot 
was quantitatively sampled in summer. Under 

water photographs and videography were used to 

document the condition of the plots. All sampling 
was accomplished using SCUBA. A 0.25-m2 quad 
rat was used to sample eelgrass metrics in each 

plot, with a sampling density of 3 quadrats/8 m2. 

Quadrats were positioned systematically in each 

plot relative to a random start point to assure full 

coverage of the plot and, at the same time, to ac 

quire an unbiased sample. The number of shoots 

in each quadrat was recorded, and the length of 

the longest leaf on a single shoot located in the 
center of each quadrat was recorded. Any distur 

bances obvious during the summer sampling that 

could have affected plant survival were recorded. 

In addition, qualitative observations were made in 

autumn, winter, and spring, primarily to identify 

any stressors (e.g., anchor chains, sunken logs, 
storm damage) that could have affected the results 

but that would not necessarily have been apparent 
in summer. The area was mapped in 2003 using 
side scan sonar and underwater videography to 

fully document the location and coverage of eel 

grass within 100 m on either side of the terminal. 

(Figure 4) 

Adaptive Management Framework 

The adaptive management framework consisted 

of the following elements: predictions of probabil 
ities of success (Table 4); a monitoring program to 

assess progress towards the goals; agreement to 

make adjustments to meet goals based on knowl 

edge gained through monitoring; annual meetings 
with resource agency representatives to review the 

data and decide on adjustments; and dissemina 

tion of the results of the work through regional 
and national meetings, reports, and peer-reviewed 

publications. A key distinction was made between 

goals and performance criteria. Although the per 

formance criteria were established to indicate pro 

gress toward the goals, the performance criteria 

(as well as the goals) could be adjusted, if justified 
by monitoring results. Dissemination of results 

was particularly important, because one goal was 

related to evaluation of the technologies that may 

be applicable to other terminals and to overwater 

?T-1-!-T-1-1-r?1 
1997 19991999 20C0 2001 2002 2C03 

Year 

Figure 5. Mean eelgrass shoot density at Clinton Ferry 
Terminal for all transplant plots and all reference plots. The 
80% confidence limits are shown around the mean densities. 

structures in general. In this way, this project 
would contribute to regional and broader learning. 

Resource agencies, including the Washington 
State Departments of Fish and Wildlife (WDFW) 
and Ecology (WDE) and the National Oceano 

graphic and Atmospheric Administration (NOAA) 
Fisheries group, were actively involved from the 

outset in reviewing and commenting during the 

development of the original research program and 

during the monitoring and adaptive management 

program. This involvement was continued through 
their participation in the annual project meetings 

where adaptive decisions were made. 

Transplanting Results 

As of summer 2003, shoot density (63.5 shoots 
m~2) averaged over all transplant plots was 68% 

of the average reference site mean density (93.6 

shoots m 2), and 80% of the performance criterion 

(performance criterion = 93.6 X 0.85 = 79.6 

shoots m 2) density (Figure 5). However, because 

of the high degree of variance, illustrated by the 

large confidence limits around the means between 

the plots in each category (Figure 5), it is not pos 
sible to determine how well transplants are doing 
relative to the performance criterion. 

The degree of variability between individual 

plots is illustrated in Figure 6. In most cases, den 

sity varied annually in a similar direction at both 
the reference and transplant plots. The large in 

crease in eelgrass density between 1997 and 1998, 
with a rising trend continuing to 2001, may have 

been linked to a post-EZ Nino resurgence of eel 

grass generally seen in the Pacific Northwest 
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Figure 6. Mean eelgrass shoot densities for the eight trans 

plant plots (T) and their paired reference plots (R) at the 
Clinton Ferry Terminal. The 80% confidence limits are 

shown around the mean densities where they exceed the di 
ameter of the point. Plot locations are shown in Figure 4. 

(Thom et al, 2003). Reference Plots B, E, and E' 

exhibited increased densities of on the order of 
three- to fourfold between 1997 and 2000 or 2001 

(Figure 6). These plots held the greatest densities 

among all the plots planted, and changes in mean 

density for all plots are attributable primarily to 
these plots. These plots also contain some of the 

most robust areas in the meadows surrounding the 

terminal. We strongly suspect that they were re 

sponding to natural climate-driven variation dur 

ing the period, as were the meadows in outer coast 

estuaries. 

Eelgrass density in individual plots showed 

varying levels of performance (Figure 6). Eelgrass 
in Plot A, one of the deepest plots, showed limited 
success relative to a shallower reference site. After 

7 y, we concluded that eelgrass in this plot will not 

get any denser, but will persist in the long term. 
In 2002, we reached a similar conclusion regarding 
Plot E. However, eelgrass density doubled between 

2002 and 2003 in Plot E. Plot B eelgrass, after un 

dergoing a decrease in 1999-2000, was as dense as 

the reference plot by 2001. Plot G eelgrass flour 
ished relative to the reference plot. The reference 

plot, which underwent damage due to winter 

Year 

Figure 7. Total shoot abundance in all transplant plots be 
tween 1998 and 2002 compared with number of plants lost 
because of the project. Loss from terminal construction was 

estimated to be approximately 16,000 shoots. 

storms and perhaps small boat activity in 1999 

2000, increased density on the order of fourfold be 

tween 2002 and 2003. Newly planted Plot D suf 
fered severe damage from sediment deposition 

during the winter of 2002-2003. Eelgrass in Plot 

F, which was planted at a density greater than 

that of the reference plot, was tracking toward ref 

erence plot densities after 1 y. 

Only a small portion of the eelgrass planted un 

der the glass blocks was surviving (Table 4). Mon 

itoring of PAR under the glass blocks showed that 

light was enhanced only approximately 10% above 
that found under the solid terminal deck. Appar 

ently, the scarring of the blocks and installation of 
the plastic roof and wall decreased light passage 
more than expected. We did note that the light 
dark edge contrast was softened under the glass 
blocks (Figure 1). 

Overall eelgrass abundance in the transplant 

plots was greater by 2001 than the abundance es 

timated to exist at the site where eelgrass was lost 

due to construction (Figure 7). We estimated that 

approximately 16,000 shoots existed in the area 

where terminal expansion would occur, and by 
2003 there were over 56,000 shoots in the trans 

plant plots, resulting in approximately a 3.5:1 

shoot replacement ratio. The total area where vi 

able eelgrass exists in transplant plots covers 

about 1300 m2, which is a 4.1:1 replacement of the 

area lost. 

Monitoring Duration 

In four of the eight plots, the number of newly 
transplanted shoots decreased in the first year, 

then increased by the second year (Figure 6). This 

may be a response to initial die-off often reported 
for newly planted systems, and probably reflects a 
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period of adjustment by the plants, especially a 
clonal plant such as eelgrass. However, density in 

creased at the other four plots, which may indicate 

that these plots contained near optimal conditions 

for eelgrass. 
It appeared that, after 4-7 y, eelgrass density 

was not going to change dramatically in the deeper 
plots, A and E, which may indicate that the car 

rying capacity for eelgrass had been reached in 

these plots (i.e., plots A, E; Figures 6A, 6E). How 
ever, in shallow plots, B and G, density was stable 

between years 1 and 4, and increased substantial 

ly after year 4 (Figure 6B). We found that survival 
after 4 y was correlated with survival after 1 y. 

This was especially true for the deepest plots (A, 
C, E, E'), where the correlation coefficient between 

first- and fourth-year survival, as a percentage of 

the initial planting density, was 0.93 and followed 
the equation below: 

y 
= 1.869x + 38.02 

where 

y 
= survival at 48 months as a percentage of ini 

tial planting density 
x = survival at 12 months as a percentage of ini 

tial planting density 

This type of relationship helps develop predictive 
tools for restoration. For example, the results from 

eelgrass test plantings after 1 y can be used to 

predict the long-term survival and density at that 

site. This test planting would save cost by elimi 

nating plots that showed low first-year survival 

(Short et al, 2002). 

Issues with Paired Reference Sites 

As mentioned above, it was difficult to define 

reference sites that exhibited the exact physical 
characteristics of the transplant plots. One pri 

mary difference between many transplant plots 
and their corresponding reference plots was depth 

(Figure 8). Depth is a primary factor affecting eel 

grass density. Maximum shoot density in this area 

occurs at about -1 m relative to mean lower low 

water (MLLW). Desiccation (Boese et al, 2003), 
sediment movement, and wave action at this beach 

apparently restricts eelgrass distribution at 

depths more shallow than approximately -0.6 m 

MLLW. At depths greater than -1.0 m MLLW, 
eelgrass density declines. A 30-cm difference in 

depth can make a large difference in density at 
this site. Some plots, such as A and E, showed 
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Figure 8. Eelgrass mean shoot density vs. plot depth (rel 
ative to mean lower low water, MLLW) at the Clinton Ferry 
Terminal in 2003. The 80% confidence limits are shown 
around the mean densities where they exceed the diameter 
of the point. Plot locations are shown in Figure 4. 

large differences in depth as well as density be 

tween reference and transplant plots, whereas oth 

er reference-transplant plot pairs where depth is 

similar (e.g., plot B) showed high similarity in den 

sity. We concluded that because of the difficulty in 

locating appropriate reference sites in this area, 

the transplant plots and reference plots that 

should be compared are those that are positioned 
at the same depth, as opposed to those that are 

paired spatially. 

Adaptive Recommendations 

Six adaptations were made to the program at 

Clinton Ferry Terminal as a result of the infor 

mation generated by the overall approach. First, 

total abundance was determined to be a better in 

dicator of progress toward the goals than was 

mean shoot density. The project appears to be ex 

ceeding its goal of no net loss, but has not quite 
reached the performance criterion. The perfor 

mance criterion is based on all plots combined. 

However, many of the plots are experimental with 

only a low or moderate probability of working (Ta 
ble 4), and to include these in the evaluation may 
not be an accurate way to assess overall perfor 
mance. There are more plants and a greater area 
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of eelgrass now at the site than prior to construc 

tion, which meets or exceeds the intent of the goal 
for the project. Based on this, we recommended 

that the project be assessed relative to total abun 
dance rather than density, to align better with the 

goal for the project. This allows for learning to 
take place with the experimental plots, which were 
not expected to do well but are proving useful in 

helping design and plan future projects. 
Second, small differences in depth between 

paired transplant and reference plots, which were 

difficult to discern when establishing the reference 

plots, affected comparisons between reference and 

transplant plots. Therefore, performance of indi 

vidual plots should be assessed relative to refer 

ence plots at the same depth, rather than with 

paired plots. 

Third, regional climate variability appeared to 
have an effect on performance, as the reference 

plots showed a large increase in density over a pe 
riod of 3-4 y. To expect new transplants to keep 

pace with a dramatically increasing natural pop 
ulation may be unrealistic, although the increas 

ing trend suggests they are behaving similarly. 
Our recommendation was to make sure that nat 

ural variations such as these are factored into the 

assessment of performance by acknowledging that 

natural populations can respond more quickly to 

these types of variations than new and developing 
populations. 

Fourth, using the information gained by the an 
nual monitoring program, we recommended that 

some plots not be planted in 2003 because of very 
little chance of eelgrass survival (Table 4). Instead, 

we recommended that Plots B'" and B 
"" 

(now la 

beled Plots I and J, respectively) be expanded in 
size because of the removal of a disturbance (a 

fishing dock) and the high success of nearby plot 
B. This was carried out in 2003 (Figure 4). Al 

though quantitative monitoring was not yet car 

ried out at the new plots I and J, where the fishing 
dock was removed, qualitative observations made 

in December 2003 showed that virtually all plant 
ings had survived and shoots had increased sub 

stantially in length since summer 2003. With the 

impacts of shading and boating activity removed, 
and the relocation of the north ferry slip further 
offshore, this area appeared to offer near ideal con 

ditions to support eelgrass meadow development. 

Fifth, we are not sure how long monitoring 
should be carried out. The data suggest that deep 
er sites, which typically contain lower shoot den 
sities due to lower light availability, stabilized 

within 5 y. In contrast, shallow, very dense sites 

showed substantial changes after 4-5 y. Shallow 

areas may more vulnerable to sediment erosion 

and deposition. Although climate variability was 
not studied, we speculate that it may have a great 
er effect on shallower, intertidal areas of the bed 
because of larger temperature variations as com 

pared with deep, sub tidal areas. Accordingly, they 
may be expected to exhibit a more dynamic equi 
librium density compared with deeper sites. 

Finally, working within an adaptive manage 
ment framework may have institutional uncer 

tainties. Because an adaptive approach, especially 
within a compensatory mitigation scenario, is 

somewhat new, we found that formalizing the de 

cisions with the agencies was more difficult than 

expected. Two things that would have helped were 
not clearly defined: some kind of document to pro 

vide the formal vehicle acknowledging and approv 
ing the changes, and a schedule that would specify 

when this document should be finalized. Although 
this was considered a minor issue, it is worth clar 

ifying in the planning stage of a project. 

COMMON COMPONENTS OF EMERGING 
ADAPTIVE MANAGEMENT PROGRAMS 

Based on our review of programs and projects, 
and our direct experience with projects, we con 

clude that is difficult to be highly prescriptive on 
the design of an adaptive management program 
for every coastal restoration scenario. The ap 

proach and level of detail varies greatly because of 

the differing nature of the programs. In addition, 
the level of documentation of the adaptive man 

agement scheme varies, primarily because it be 

comes the traditional way of doing business that 
does not require procedures to be written down. 

However, there are several common components 

emerging for programs and projects that are ex 

plicitly implementing adaptive management in 
coastal restoration. In our assessment, the most 

successful programs have dealt directly with un 

certainties through systematic data collection, con 

trolled manipulations, data analysis, and action 

alternative selection based on an assessment of 

the data. Individuals involved in these programs 
understand the need to have information to make 

decisions in a systematic way, because funds are 

too limited for a simple trial-and-error approach, 
and people are committed to making their projects 
successful. The common components being used in 
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successful coastal and estuarine restoration adap 
tive management programs include the following: 

Clear goal statement?drives what is done 

Conceptual model?organizes understanding 

Monitoring?provides information for manage 
ment decisions 

Evaluation framework?provides mechanism to 

evaluate information openly and objectively 
Adjustment strategy?ensures clear plans and 

mechanisms to implement actions when adjust 
ment is necessary 
Dissemination of information?lets others learn 

regionally and nationally. 

STEPS TOWARD PREDICTABILITY 

A principle aim in restoration is to be able to 

predict the outcome of restoration actions with in 

creasing certainty (NRC, 1992). Adaptive manage 
ment is the framework that is being used to in 
crease predictability. We propose the following el 
ements as keys to increasing predictability of 
coastal restoration projects: 

Admit that uncertainties exist, and address as 

many as possible in early pre-implementation 

phases; this is often difficult to carry out in com 

pensation projects, but it is realistic and neces 

sary. 
In projects where restoration is done as compen 

satory mitigation, consider overcompensation 

(relate amount to degree of uncertainty) for po 

tential damages to account for uncertainties. 

Evaluate uncertainties through hypothesis 
driven pre- and post-implementation experi 

ments; keep the experiments as simple as pos 
sible. 

Develop predictive models, when appropriate, 
based on the data; this forces objectivity and 

transferability. 

Actively use performance monitoring informa 

tion to adjust performance measures to align 
better with the intent of goals; re-examine the 
effectiveness and direct applicability of perfor 

mance measures. 

Disseminate information for use in future pro 

jects; incorporate published papers and oral pre 
sentations at regional and/or national meetings 
as essential products of the project. 
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